A recent analysis of the charge (Z) correlations in the ∆Z− < Z > plane for Xe+Sn central collisions at 32 MeV/u has shown an enhancement in the production of equally sized fragments (low ∆Z) which was interpreted as evidence for spinodal decomposition. However the signal was weak. After a critical analysis of its robustness, we propose in this paper a new technique to build the uncorrelated yield in the charge correlation function. The application of this method to Xe+Sn central collision data at 32, 39, 45 and 50 MeV/u does not show any significant enhancement at low ∆Z at variance with what it is expected from spinodal decomposition. The search for signals of a liquid-gas phase transition in the nuclear medium is presently a very active field of research (see [1] and ref. therein). In such a framework, multifragmentation is a key process. A possible scenario is the excursion of the excited system, produced in dissipative heavy-ion collisions, at low densities inside the coexistence region of the nuclear phase diagram (for a general introduction to the subject, see for instance [2] ). There, a volume instability, the so-called spinodal decomposition, leads to a disassembly of the system [3] . Such a behaviour is predicted by microscopic transport calculations based on the nuclear Boltzmann equation and its stochastic extensions [4] . The question of a possible experimental signature of spinodal decomposition of excited nuclear matter, initiated by the Berkeley group [5], has been examined for Xe+Sn central collisions at 32 MeV/u in a previous work [6] . The main idea is to search for fragmentation events in which most fragment atomic numbers are nearly equal as suggested by theoretical works [7, 8, 9 ].
The search for signals of a liquid-gas phase transition in the nuclear medium is presently a very active field of research (see [1] and ref. therein). In such a framework, multifragmentation is a key process. A possible scenario is the excursion of the excited system, produced in dissipative heavy-ion collisions, at low densities inside the coexistence region of the nuclear phase diagram (for a general introduction to the subject, see for instance [2] ). There, a volume instability, the so-called spinodal decomposition, leads to a disassembly of the system [3] . Such a behaviour is predicted by microscopic transport calculations based on the nuclear Boltzmann equation and its stochastic extensions [4] . The question of a possible experimental signature of spinodal decomposition of excited nuclear matter, initiated by the Berkeley group [5] , has been examined for Xe+Sn central collisions at 32 MeV/u in a previous work [6] . The main idea is to search for fragmentation events in which most fragment atomic numbers are nearly equal as suggested by theoretical works [7, 8, 9] .
The analysis relies on two variables. The average fragment charge per event is defined as:
where Z i is the charge of fragment i and M is the fragment multiplicity. Only fragments with atomic number Z i ≥ 5 are considered. As in Refs [5, 6] ,the standard deviation in fragment sizes is defined as:
The correlation function, R, is built by considering the ratio of the measured yield Y (∆Z, < Z >) versus the "uncorrelated" yield Y ′ (∆Z, < Z >). Since events with nearly equal size fragments are associated with low values of ∆Z, any significant enhancement of R near ∆Z = 0 may signal a spinodal decomposition as proposed in [5] . The key question is to build the uncorrelated yield Y ′ . Following the prescription given in [5] , this last quantity has been estimated in [6] for each class of fragment multiplicities by mixing fragments from different events of the selected sample. In doing so, the initial total charge carried out by the fragments (Z bound = M i=1 Z i = M < Z >) and also the average fragment charge < Z > are not conserved in building Y ′ . Consequently, in the absence of correlations the ratio R = Y /Y ′ is not equal to unity and depends simultaneously on the < Z > and ∆Z values. Thus, to extract the true correlation one has to determine a background function R ′ corresponding to the ratio Y /Y ′ for uncorrelated events. Acknowledging these difficulties, alternative methods to build the denominator Y ′ have been developed in [10] and applied in [11] to Xe+Sn central collision data at 32, 39, 45 and 50 MeV/u.
In the present paper, in a first step, we would like to review the method previously used to generate the charge correlation functions [6] and to show how it may generate spurious signals. In a second step, we propose a new method to build the uncorrelated yield Y ′ and we apply it to the same Xe+Sn data set.
The charge correlations were analysed in a set of events associated with a "quasi-fusion" process occurring in central Xe+Sn collisions at 32 MeV/u. Only events with the sum Z tot of the detected charges greater or equal to 80 were considered, the total charge of the Xe+Sn system being 104. Briefly, the event selection was based on the measurement of the distribution of the preferred emission direction of matter in the centre of mass of the reaction (flow angle). It has been shown [12, 13] that events having a flow angle larger than 60 o could be interpreted as resulting from the multifragmentation of a thermalised compact shape nuclear system ("single source" events). In a previous work [6] , the charge correlation functions, R(∆Z, < Z >), were first built for each fragment multiplicity, M = 3, 4, 5 and 6, separately. However, the results suffered from a lack of statistics. The numbers of events in the first bin in ∆Z (0 ≤ ∆Z < 1) and for each multiplicity of this selection are shown in the third column of Table 1 . As we see, these numbers, summed over all < Z >, are quite small, specially for multiplicities M = 5 and 6. Thus, to increase the statistical significance of the signal, the charge correlations were built whatever M by replacing the variable < Z > by the sum of the fragment charges Z bound (each bin in Z bound containing six atomic numbers). The resulting correlation functions shown in Fig. 3 of Ref. [6] were interpreted as an evidence of a significant enhancement of equal-sized fragments associated with fused events in Xe+Sn collisions at 32 MeV/u. However, as we mentioned previously, the charge correlation function cannot be compared to unity but to a specific R ′ background function. This function has been estimated in Ref. [6] by assuming that, in the absence of correlations and for a given Z bound , R ′ = f (∆Z, Z bound ) is exponentially increasing with ∆Z in the range 0 < ∆Z < 8. In order to test this hypothesis we performed a charge correlation analysis R(∆Z, Z bound ) from a sample of randomly generated events.
In the Monte Carlo simulation, the following procedure, that we will call random break-up, has been used: for a given fragment multiplicity M, the charge of the fragments is obtained by breaking M − 1 bonds at random in a chain of length Z bound . Only events for which all fragments have Z ≥ 5 were kept. For each multiplicity, the Z bound distribution was generated from a gaussian distribution whose mean value and standard deviation are the experimental ones for central Xe+Sn collisions at 32 MeV/u. We have checked that for each multiplicity M, the ensemble thus generated is equivalent to the one obtained by computing all partitions and their permutations containing M fragments with [14] . To minimise statistical effects we generated nearly twenty times more events than for the "single source" selection. The generated charge distribution relative to each fragment multiplicity M was found close to the experimental one. The number of events with ∆Z < 1 thus obtained are listed in the second column of Table 1 as a function of multiplicity. We note that the total fraction of events (0.139%) in this ∆Z bin is close to the experimental one (0.127%).
First, from the simulated events, the charge correlation functions R(∆Z, < Z >) were built for each multiplicity M = 3, 4, 5, 6, separately. For this purpose, the uncorrelated yield Y ′ was built using the mixing event method [5, 6] , generating 10
3 times the number of events in the numerator in order to minimize statistical errors on the denominator. The R values corresponding to four (M, < Z >) pairs chosen in the interval 48 ≤ Z bound ≤ 52 are shown in the Fig. 1a and illustrate the general evolution of the function R = Y /Y ′ . The amplitude and extension in ∆Z of the function R depend on the multiplicity M and the average charge < Z >. However, we note that within statistics, the charge correlation functions decrease with decreasing ∆Z without any significant enhancement in the first bin in ∆Z, as expected for uncorrelated events. In the absence of other correlations than charge conservation, they represent the background function R ′ discussed above. Large statistical error bars are present in the low bins. Thus, a correct estimate of the function R ′ from experimental data, often associated with weaker statistics, appears to be a very difficult task. Statistics plays a crucial role in the interpretation of the charge correlation analyses and we will return to this point later.
Second, following [6] , we built the charge correlations R(∆Z, Z bound ). They are displayed in Fig. 1b for six values of Z bound = 39, 45, 51, 57, 63, 69 as a function of ∆Z (each bin in Z bound regrouping six atomic numbers). Obviously, our events being uncorrelated all these correlation functions are the background functions R ′ . Contrary to what was assumed in [6] these background functions are not exponential functions of ∆Z even in the restricted range ∆Z < 8. An exponential behaviour is only observed for Z bound = 63. Thus, if as in [6] , one assumes an exponential background in the range 2 < ∆Z < 8 (the lines in Fig. 1b) , and extrapolates it down to zero, one creates artificially a signal at low ∆Z. The Fig. 1c shows the charge correlation and the background (broken line) extracted this way for the bin ∆Z < 1 for each Z bound . This figure is very similar to the Fig. 3 of Ref. [6] . This spurious result finds its origin in the mixing of events with different fragment multiplicities M = 3, 4, 5 and 6 to build the Z bound bins. Indeed, the charge correlation functions R(∆Z, Z bound ) combine various functions R(∆Z, < Z >) which are multiplicity dependent. Consequently, this method using the mixing of multiplicities renders unreliable an estimation of the background R ′ .
To get rid of this problematic evaluation of the background, we attempted to build an uncorrelated yield Y ′ with the conservation of the total fragment charge (Z bound ). In such a case the charge correlation function can be directly compared to unity. The following procedure has been developed. For an ensemble of events with a given fragment multiplicity, M, we consider the exchange of two fragments of charges Z 1 (i) and Z 2 (i) belonging to the event labelled i with two fragments of charges Z ′ 1 (j) and Z ′ 2 (j) belonging to the event labelled j under the condition that
As such, the total fragment charge Z bound , the average charge < Z > as well as the charge distribution of the considered ensemble are conserved. For a given event i, we performed the substitutions by a random picking of event j followed by a random picking of charges inside, respectively, the events i and j. If the condition
was verified the charge substitutions were performed, if not we proceeded with a new random picking of event j, and so on, until any event i in the sample has been changed at least once (one iteration). Such moves between events are performed systematically such that, after typically 100 iterations, the running sample (or mixed sample) has "lost the memory" of the initial one. Then, the yield Y ′ (∆Z, < Z >) is created from this mixed sample by continuing the same iterative procedure 10 3 times and at each time Y ′ is incremented in order to make negligible its statistical error (relative to Y ). One can also consider exchanges among the events in which more than two (say N) fragments are exchanged. In this latter case, the method is obviously restricted to events for which M is larger than N and in the following we only use N = 2. The technique has been tested with the random break-up calculation and the results are plotted in Fig. 2a for each multiplicity and the whole ensemble M = 3, 4, 5, 6. For any multiplicity, the correlation function R = f (∆Z) is constant and close to unity (statistical error bars are smaller than the symbol size). Although we performed this simulation with a statistics twenty times larger than the one of the Xe+Sn data at 32 MeV/u (see Table 1 ), statistical fluctuations are still present in the first bin in ∆Z where deviations larger than one standard deviation (1σ) from R = 1 are present for M = 5 and 6. The correlation function R corresponding to the whole multiplicity set is equal to unity (Fig. 2a) independently of ∆Z. In this latter case, the fact that the correlations R = f (∆Z) are multiplicity independent authorizes the multiplicity regrouping. In order to test the sensitivity of our method, we doubled the number of events populating the first bin in ∆Z in the break-up sample and build new uncorrelated yields Y ′ . The results of the charge correlation analyses of this new sample are displayed in Fig. 2b . As expected, the charge correlations R in the first bin are twice the ones shown in Fig. 2a , whereas they are unchanged in other bins. This test substantiates the good sensitivity of the exchange procedure used to build Y ′ .
Let us now return to the discussion about the statistics. With the random break-up simulation, we performed a systematic study of the R values in the first bin as a function of the statistics. Results corresponding to two (M, < Z > ) pairs, (M = 4, < Z >= 12) and (M = 5, < Z >= 10), are plotted in Fig. 2c . The abscissa gives the overall number of generated events. The statistics of the first point corresponds to the total number of events in the "single source" selection of the Xe+Sn reaction at 32 MeV/u (see Table 1 ). Then, the statistics has been multiplied by 2, 4, 8, 12, 16 and 20 . The fluctuations of R around unity tend to reduce as the statistics is increased but they are often beyond 1σ and can reach 2σ.
The Xe+Sn system has been studied with the multidetector INDRA at several energies beyond 32 MeV/u: 39, 45 and 50 MeV/u. In all cases, the multifragmentation process is present and complete events (Z tot ≥ 80) selected with Θ f low ≥ 60 o were considered to arise from the multifragmentation of single nuclear sources [12, 15] . For a given fragment multiplicity, the number of events with ∆Z < 1 at respectively 39, 45 and 50 MeV/u bombarding energies are listed in columns 4 to 6 of Table 1 . The production of equal-sized fragment events increases with the incident energy and reaches ≃2% at 50 MeV/u. This trend is a result of charge conservation. The multiplicity of light charged particles and fragments (Z ≤ 4) is increasing with the incident energy [16] . Hence, the average total fragment charge (Z bound ) decreases. Thus for a given fragment multiplicity, the size of the fragments decreases and the probability to measure equal-sized fragment events naturally increases. The analyses of the charge correlations for these "single source" samples have been performed, using the exchange procedure to generate Y ′ . The ratios R of the two distributions, Y and Y ′ , have been built at each energy. The charge correlation functions R = Y /Y ′ , summed over all < Z > for each multiplicity, as a function of ∆Z are flat with small statistical fluctuations around R = 1 for bins ∆Z > 1. For the first bin in ∆Z, the R values deviate from unity by less than 2σ. Although these variations appear compatible with statistical fluctuations, possible enhancements of R in this bin could be linked to specific < Z > value. In such a case, summing over all < Z > would reduce the importance of the "signal". For this reason, we show in Fig. 3 the R values corresponding to this first bin as a function of < Z > for each multiplicity M = 3, 4, 5 and 6 (the first four rows) and for each incident energy (columns). It is worth noting that all < Z > bins populated with more than one event have been plotted in Fig.  3 , this choice induces the absence of data point at 32 MeV/u for M =5 and 6. Notice that experimental error bars are statistical only. To be more quantitative, the Fig. 4 displays the quantity (R − 1)/σ, as a function of ∆Z. For convenience, we have drawn dotted lines corresponding, respectively, to one and two standard deviations. We see that all values of R are within 2σ of 1. It has to be noted in Fig. 3 that the R values for each multiplicity corresponding to the energies 45 and 50 MeV/u are particularly close to the R = 1 line and associated with small statistical fluctuations. On the other hand, at 32 MeV/u and 39 MeV/u, we are dealing with large statistical errors. There is perhaps a systematic enhancement of small ∆Z events at 39 MeV/u for multiplicities 4 and 5 but all values are compatible with 1 within 1.2σ. The bottom rows in Fig. 3 and 4 correspond at each bombarding energy to the whole experimental data whatever M and benefit from the enlarged statistics. However, R values still fluctuate within 2σ (but one where R is lower than 1). Finally, we do not observe any significant enhancement of equal-sized fragments in the Xe+Sn central collisions between 32 and 50 MeV/u.
To conclude, we have developed a two-step analysis to address the issue of charge correlations in nuclear collisions. First, we have shown, by using a simulation which randomly generated fragments, how the extrapolation to low values of the ∆Z distribution as performed in [6] may induce a spurious enhancement of the correlation function at small ∆Z. We have underlined the difficulties to make a quantitative analysis of the charge correlations when the total fragment charge (Z bound ) is not conserved in building the uncorrelated yield Y ′ . Then, to avoid such a problem, we have discussed a new method to build the yield Y ′ by mixing events under the constraints of the conservation of the total charge of the fragments and the invariance of charge distributions for a given fragment multiplicity. This method has been successfully tested with a random break-up simulation and is sensitive to any statistically significant deviation from a pure uncorrelated fragmentation process. Finally, it has been applied in multifragmentation samples of the Xe+Sn central collisions at energies between 32 and 50 MeV/u. In these analyses, no significant enhancement of equal-sized fragments has been observed. These results are in agreement with those obtained in the reactions Xe+Cu and Ar+Au at 50 MeV/u [5] but at variance with other analyses of the Xe+Sn data using different estimations of the uncorrelated yield Y ′ [6, 11] . In view of these contradictory results, caution should be taken before giving any definite conclusion on a signature of spinodal decomposition in nuclear systems by charge correlation measurements. Table 1 Number of events in the bin ∆Z < 1 for each multiplicity and their sum for the random break-up calculation and the Xe+Sn "single source" selection at four energies. The two last rows give respectively the total number of events (NT) and the percentage of events in the bin ∆Z < 1. The break-up calculation with 20 times the statistics has to be compared with the Xe+Sn data at 32 MeV/u. 
